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The reaction of methyl 3-arylpropynoates la-e with
phenoxide and p-cresoxide ions in DMF gives mixtures
of Z- and E-methyl 3-aryl-3-aryloxypropenoates 2a-e
and 3a-e, respectively, whereas the reaction of Ic,d
(R=Br, CI) with phenoxide ion in MeOH gives
exclusively the Z-adducts 2c,d. The configurational
assignments of the adducts are based on the IH NMR
study. The effect of solvent and the nature of
nucleophile on ZlE ratio has been discussed.
The stereochemistry of the adduct obtained by
nucleophilic addition to activated alkynes is found
to be dependant upon the nature of the activating
group(s) linked to the triple bond and on solvent,
catalyst and nature of the nucleophile. In most
cases however, the addition of amines to alkynes
proceeds in a trans-fashionl•9• The ZIE ratio of
these adducts is found to depend on the steric
characteristics of the reactants and the presence of
intramolecular hydrogen bonding in the enamine
adduct9-11. The base-catalyzed addition of thiols to
alkynes gives the vinylthio isomers in accordance
with the rule of trans-nucleophilic addition I1-15;
however, some violations of this rule are
reported'<'". Similarly, the addition ofalkoxide and
phenoxide ions to alkynes gives the mono-ad ducts
probably via trans-addition 17.
In continuation of our earlier studies in the field
of nucleophilic addition to alkynes18.25, the present
article reports the effect of both solvents and
substituents on the ZIE ratio of the adducts
obtained from the base-catalyzed addition of
phenol and p-cresol to 3-arylpropynoates la-e.
The reaction of methyl 3-arylpropynoates la-e









0, R = H j b ,R =CH3 ; c )R= s-, d ,R = CI; e) R =N02
catalytic amounts of sodium methoxide in DMF
gave methyl 3-aryl-3-aryloxypropenoates 2a-e and
3a-e, respectively, Eq. (1). Further confirmation of
the mono-adduct was done by IH NMR data which
showed that one aryloxy group is introduced with
the conversion of the triple bond into a double
bond [appearance of signal(s) in the olefinic
region]. Phenoxide ion in methanol was found to
react only with lc,d (R=Br,Cl). The IH NMR of
these adducts showed a singlet at 8 6.07 ppm
indicating the exclusive formation of one isomer of
phenoxy vinyl compounds 2c,d. On the other hand,
the addition of phenoxide ion to la-e in DMF
containing 5% methanol gave isomeric mixtures
2a-e as indicated by the presence of two vinylic
protons at 8 6.00-6.23 and 5.10-5.27 ppm (cf.
Table I). The adduct ratios were estimated from
the integrated area of the methoxycarbonyl peaks.
Structural proof and configurational assignments
of 2a-e were based on criteria' similar to those
applied for the characterization of E- and Z-[3-
thiophenylcinnamates 18, E-[3-piperidinocinna-
mates", E-i3--morpholinocinnamates2l, E-[3-
diethylarninocinnamates", E- and Z-[3-piperidino
and morpholinoenones'", Z-[3-chlorocinnamates25,
Z-a-bromocinnamates26, E, Z-a-bromocinnamic
acids" and [3-chlorovinyl sulfones". The IH NMR
spectra of 2a-e were quite similar to those of the
thiophenyl analogs". Therefore, the vinylic protons
of 2a-e resonated at 8 6.00-6.23 and 5.10-5.27 ppm
corresponding to Z- and E-configurations,
respectively.
The stereoselective addition of phenoxide to
lc,d in MeOH probably afforded the Z-isomer as a
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Table I_IH NMR spectral data and Z:E. ratios of methyI3-aryl-3-phenoxy-
propenoates 2a-e
R 8 ppm (CDCI3)
ArH -CH -OCH3
Z E Z E Z:E Solvent
2a H 7.45-7.00 6.00 5.08 3.77 3.67 75:25 DMF
2b 4-CH3a 7.53-6.87 6.07 5.10 3.63 3.50 72:28 DMF
2c 4-Br 7.40-6.77 6.00 5.10 3.57 3.47 77:23 DMF
7.43-6.83 6.07 3.67 100:00 MeOH
2d 4-CI 7.60-6.87 6.07 5.13 3.70 3.53 78:22 DMF
7.50-6.87 6.07 3.67 100:00 MeOH
2e 4-N02 8.20-6.97 6.23 5.27 3.73 3.57 76:24 DMF
a4-CH3 protons appear at 8 2.37 (2) and 2.30 (E) ppm.
Table II-IH NMR spectral data and Z:E ratios of methyl 3-aryl-3-(4-methylphenoxy)propenoates 3a-e
Compd R 8 ppm(CDCh)
ArH =CH -OCH3 4-CH3 ZE Solvent
Z E Z E Z E
3a H 7.65-6.80 6.10 5.15 3.65 3.55 2.35 2.25 75:25 DMF
3b 4-CH3a 7.55-6.80 6.05 5.15 3.65 3.55 2.37 2.24 65:35 DMF
3c 4-Br 7.50-6.87 6.07 5.17 3.67 3.53 2.33 2.23 72:28 DMF
7.50-6.87 6.07 5.17 3.67 3.53 2.33 2.23 69:31 MeOH
3d 4-CI 7.65·6.70 6.05 5.15 3.69 3.55 2.35 2.25 71:29 DMF
7.63-6.73 6.00 5.13 3.63 3.60 2.30 2.20 68:32 MeOH
3e 4-N02 8.25-6.80 6.15 5.25 3.80 3.55 2.35 2.25 72:28 DMF
a4-CH3 protons appear at 8 2.33 (2) and 2.20 (E) ppm.
result of a trans-addition process 17. The "trans
addition rule" proposed by Truce and Simms" for
the nucleophilic addition of thiolate ions to phenyl
acetylene has been well accepted.
The addition of sodium cresoxide to la-e in both
MeOH and DMF under the reported conditions
gave isomeric mixtures of the mono-adducts,
namely methyl 3-cresolyl-3-arylpropenoates 3a-e.
The chemical shift of the vinylic proton was used
to assign the stereochemistry (cf. Table II). The
vinylic protons resonating at 0 6.00-6.17 and 5.10-
5.23 ppm were assigned to the Z- and E-
configurations, respectively. These assignments are
in line with the above findings obtained from the
addition of ph enoxide ion to Ia-e,
z - C onfi gurat ion E- Configuration
The 'n NMR of the stereoisomers 2a-e and 3a-e
showed that the vinylic proton of Z-isomer is more
deshielded than in E-isomer. This could be
attributed to the fact that Z-isomer can
accommodate a coplanar conformation which is
impossible for E-isomer due to steric hindrance in
the latter. This causes more deshielding of the
vinylic proton of the Z-isomer as it lies in the
deshielding zone of the neighbouring cis-aryl
nng".
The mechanistic possibilities of the title reaction
are summarized in Scheme I.
The possibility of carbanion reaction including
an equilibration step, in which a Z-intermediate
carbanion is partially inverted into its E-isomer,
leading after proto nation to a mixture of both
. d I' 18 1921 30stereomers, was raIse ear ler . . . .
The exclusive formation of Z-2c,d in MeOH is
against the possibility of an equilibration process.
Evidently, the resonance stabilized Z-vinyl
carbanion does not isomerize, and reacts with
PhOH or MeOH to give Z-isomer as the sole
product indicating that the rate of protonation is
much faster than the rate of equilibration.
However, the reaction of Ic-e with p-cresoxide
ion in MeOH and that of la-e with phenoxide and
p-cresoxide ions in DMF gave Z- and E-
stereomers. The formation of Z-adducts involves a
normal carbanion, in the product forming step
wherein a proton is transferred from PhOH or
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MeOH, or involves protonation of the allene-enol
intermediate (linear intermediate). While the E-
isomer arises presumably from the protonation of
the E- or the linear intermediate.
A higher percentage of the Z-adducts in the title
reaction is expected since the Z-intermediate
should suffer less interaction between the negative
charge and the lone pair of electrons on the oxygen
atom of the ether linkage.
The formation of isomeric mixtures of adducts
2a-e and 3a-e may indicate an inherent
isomerization rather than a post-isomerization. The
substantial dependence of the ZlE ratio on the
nature of the para-substituent in the aromatic ring
casts doubt on the validity of the concerted
mechanism". Attempts to effect post-isomerization
under different reaction conditions such as
shortening of the reaction period, utilising different
molar ratios and addition of either phenol or base
to the isolated Z-adducts or the mixture of Z- and
E-adducts gave the unreacted starting materials.
In conclusion, a stepwise mechanism clearly
explains the non-specificity of the addition of
sodium phenoxide and cresoxide ions to methyl 3-
arylpropynoates Ia-e except for phenoxide addition
to lc,d in methanol. Consequently, this type of
reaction can be considered as an additional
violation of the rule of trans-nucleophilic
additions23.
Experimental Section
General. IR and UV spectra were measured on a
Perkin-Elmer 1430 ratio recording infrared and
UV-Vis Shimadzu 160-A spectrometers,
respectively. IH NMR spectra were measured at 90
MHz using CDCb as solvent and 1MS as internal
reference. Melting points are uncorrected.
Elemental analyses were performed in the Faculty
of Science, Alexandria University, Egypt.
Preparation of starting materials. The synthesis
of methyl 3-aryl propynoates la-e has been
d 1· 21reporte ear ler .
Synthesis of methyl 3-aryl-3-phenoxypro-
penoates 2a-e : (a) In absolute methanol. A
solution of methyl 3-arylpropynoate la-d (0.5 g, 2-
2.6 mmoles) in 5 mL of methanol- was treated with
a methanolic solution of sodium phenoxide (2-2.6
mmoles of sodium methoxide and 10 mmoles of
phenol) and the reaction mixture thermo stated at
40°C. At the end of the reaction (as indicated by
TLC), the mixture was poured onto ice. The
precipitate was filtered, washed with 5% NaOH
solution and recrystallized from dilute methanol.
The physical properties, UV, IR and elemental
analyses are given in Table I. The reaction of la
(R=H) and lb (R=CH3) with phenoxide ion under
the above conditions was unsuccessful. The IH
NMR data remained unchanged before and after
recrystallization.
(b) In dimethylformamide (DMF). The above
procedure was followed in 95% DMF- 5% MeOH.
The ratios of Z- and E- adducts were calculated
from the IH NMR signals of carbomethoxy groups
of the crude mixture before recrystallization (cf.
Table III).
Synthesis of methyl 3-aryl-3-(4-
methylphenoxy)propenoates 3a-e. A mixture of
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Table III--Physical properties, UV, IR data and elemental analyses of methyl 3-aryl-3-phenoxypropenoates 2a-e
[4-R-C6H4-C(OC6Hj)=CH-COOCH3]
Compd R Colour Yield Mp UVAma,.(nm) IR (em") Mol. Found % (Caled)
(solvent) % °c (E)Mlcm·1 C-O C-C Formula C H
'"
2a H Colourless 88 80-82 273 1690 1570 CI6HI403 75.42 5.57
(DMF) crystals (12400) (75.59 5.51)
2b 4-CH3 Colourless 80 94-96 275 1720 1630 C17HI603 76.08 6.12
(DMF) plates (9400) (76.09 6.01)
2c 4-Br ColourJess 92 123 274 1700 1630 CI6H13Br03 57.72 4.02
(MeOH) needles (27400) (57.67 3.93)
2c Colourless 85 114-16 274 1700 1630 CIJ-i13Br03 57.62 4.12
(DMF) needles (28400) (57.67 3.93)
2d 4-Cl Colour.ess 90 105 273 1700 1630 CI6H13CI03 66.42 4.63
(MeOH) Crystals (29000) (66.67 4.53)
2d Colourless '85 100-102 274 1700 1640 CI6H13CI03 66.82 4.75
(DMF) needles (36000) (66.67 4.53)
4et 4-N02 Yellow 80 145-47 292 1735 1650 CI6H13N05 64.35 4.47
(DMF) crystals (22400) (64.21 4.35)
"'Solvent used in the reaction.
t Found: N, 4.87. Calcd: N, 4.68%
Table IV-Physical properties, UV, IR data and elemental analyses ofmethyI3-aryl-3-(4-creesoxy)propenoates 3a-e
[4-R-C6H4-C( 4-CHrC6H4)=CH-COOCH3]
Compd R Colour Yield mp UVAmax(nm) IR( ern") Mol Found(%) (Caled)
(%) °C (E) u' cm' C=OC=C formula.
1695 1581 C H
3a H Colourless 78 60-63 268 C17HI603 75.92 6.18
plates (15600) (76.09 6.10)
3b 4-CH3 Colourless 80 64-66 256 1725 1638 CisHIS03 76.56 6.30
needles (15800) (76.57 6.42)
3c 4-Br ColourJess 82 124-26 275 1730 1650 C17HI5Br03 58.55 4.51
needles
(23000) (58.79 4.32)
3d 4-CI Colourless 85 74-75 272 1725 1630 C17H 15CI03 67.10 5.11
needles (69000) (67.55 4.97)
3e* 4-N02 Yellow 75 140-43 296 1740 1652 CI7HI5N05 65.12 5.25
crystals (23300) (65.17 4.79)
"'Found: N, 4.94. Calcd: N, 4.47%.
.the acetylenic ester la-e (0.5 g, 2-2.6 mmoles) and
sodium p-cresoxide (2-2.6 mmoles of sodium
methoxide and 10 mmoles of p-cresol) in MeOH or
DMF was thermostated at 40 "C. At the end of the
reaction (as indicated by TLC), the reaction
mixture was poured onto 5% NaOH solution. The
precipitate was filtered, dried and crystallized from
methanol. The IH NMR data remained unchanged
before and after recrystallization. Physical
properties, UV, IR data and elemental analyses are
given in Table IV. Only Ic-e reacted with sodium
p-cresoxide in methanol to give mixtures of Z- and
E-isomers of the adducts 3c-e.
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